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(54) Ophthalmic surgery apparatus 

(57) An ophthalmic surgery apparatus provided ob- 
servation optical system for observing anterior portion 
of an eye of a patient, and laser beam irradiating optical 
system for irradiating a laser beam for treatment to the 
eye of the patient, and also provided device for aligning 
the eye of the patient so as to be desired region and 
then irradiating a laser beam for treatment, comprises 
moving device for moving the laser beam irradiating op- 
tical system relatively against the eye of the patient, il- 
luminating device for illuminating anterior portion of the 
eye of the patient, photoelectric transducing device for 
sensing distribution of light volume of anterior portion of 
the eye illuminated by the illuminating device, pupil po- 
sition detecting device. for detecting the position of the 
pupil by processing the signal transmitted from the pho- 
toelectric transducing device, and control device for 
controlling the moving device based on the results de- 
tected by the pupil position detecting device. 
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Description 

The present invention relates to an ophthalmic sur- 
gery apparatus for treatment by irradiating a laser beam 
for treatment to an eye of a patient, and more particu- 
larly, it relates to a mechanism for tracking a movement 
of an eye of a patient and for guiding a laser beam for 
treatment to the desired position. 

As an ophthalmic surgery apparatus for treatment 
by irradiating a laser beam for treatment to an eye of a 
patient, for example, a cornea surgery apparatus which 
uses an excimer laser beam is known. This apparatus 
resects inflammation of surface layer of a cornea by ir- 
radiating an excimer laser beam to the surface of the 
cornea, and corrects a refractive ametropia by removing 
the surface of the cornea and by changing the curvature 
of the cornea. 

This apparatus fixes the fixation target to the eye of 
the patient and the ophthalmologist aligns an irradiating 
optical system with the eye of the patient so as to be 
desired conditions, with his eyes observing the align- 
ment target. The alignment has been completed, and 
then, a desired volume of a desired region is ablated by 
controlling the apparatus. 

The ophthalmologist fixes the fixation target to the 
eye of the patient and he fixes the eye of the patient, but 
in the case that the patient of which fixation is bad, his 
eyeball happens to move, and then the movement is 
confirmed by the ophthalmologist, then he must do over 
again once more from beginning of the alignment, or he 
must discontinue the laser beam irradiation and must 
do over again once more from the alignment. 

As described above, doing the alignment over again 
once more causes taking much a long time for its oper- 
ation or the like, and then it Is burden to both the patient 
and the ophthalmologist. Furthermore, in the case that 
the eyeball of the patient moves often, the burden is 
much more. 

And if the ophthalmologist does not notice the 
movement of the eyeball and leaves the eyeball as it is, 
and then he continues the laser beam irradiation with 
the eyeball moving, the cornea has not been removed 
so as to be the shape expected, therefore the refractive 
power of the eye after the operation Is influenced there- 
by. 

Furthermore, if the ophthalmologist is not accus- 
tomed to operating machine, the alignment itself takes 
much time. 

The present Invention has been made In view of the 
above circumstances and has an object to overcome the 
above problems, and to provide an ophthalmic surgery 
apparatus which may not burden both a patient and an 
ophthalmologist, can make it easy to align with the laser 
beam irradiating optical system, and can achieve appro- 
priate treatment. 

Additional objects and advantages of the invention 
will be set forth in part in the description which follows 
and in part will be obvious from the description, or may 
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be learned by practice of the invention. The objects and 
advantages of the invention may be realized and at- 
tained by means of the instrumentalities and combina- 
tions particularly pointed out in the appended claims. 

s To achieve the objects and in accordance with the 

purpose of the invention, as embodied and broadly de- 
scribed herein, an ophthalmic surgery apparatus provid- 
ed observation optical system for observing anterior 
portion of an eye of a patient, and laser beam irradiating 

^0 optical system for irradiating a laser beam for treatment 
to the eye of the patient, and also provided means for 
aligning the eye of the patient so as to be desired region 
and then irradiating a laser beam for treatment, com- 
prises moving means for moving the laser beam irradi- 

^5 ating optical system relatively against the eye of the pa- 
tient, illuminating means for illuminating anterior portion 
of the eye of the patient, photoelectric transducing 
means for sensing distribution of light volume of anterior 
portion of the eye illuminated by the illuminating means, 

20 pupil position detecting means for detecting the position 
of the pupil by processing the signal transmitted from 
the photoelectric transducing means, and control 
means for controlling the moving means based on the 
results detected by the pupil position detecting means. 

25 In another aspect of the present invention, an oph- 
thalmic surgery apparatus provided observation optical 
system for observing anterior portion of an eye of a pa- 
tient, and laser beam irradiating optical system for irra- 
diating a laser beam for treatment to the eye of the pa- 

30 tient, and also provided means for aligning the eye of 
the patient so as to be desired region and then irradiat- 
ing a laser beam for treatment, comprises moving 
means for moving the laser beam irradiating optical sys- 
tem relatively against the eye of the patient, illuminating 

3S means for illuminating anterior portion of the eye of the 
patient, photoelectric transducing means for sensing 
distribution of light volume of anterior portion of the eye 
illuminated by the illuminating means, pupil position de- 
tecting means for dividing the detecting region of the 

-to photoelectric transducing means into the predetermined 
number of articles, and then detecting the position of the 
pupil based on the analysis and the comparison for the 
light-and-shade information of- the divided respective 
regions, and control means for controlling the moving 

■^5 means based on the results detected by the pupil posi- 
tion detecting means. 

According to the present invention, it is capable of 
prohibiting an irradiating region from shifting, and is ca- 
pable of treating appropriately an eye of a patient, be- 
so cause the apparatus can track the eye of the patient 
even if the eyeball moves during the alignment or during 
the operation by using the laser irradiating treatment. 
Also, since the performance for operating is improved, 
so the burden is allowed to be decreased for both the 

55 patient and the ophthalmologist. Furthermore, the trou- 
ble of the alignment is allowed to be decreased, there- 
fore the alignment adjustment can be performed easily 
The invention will now be described by way of ex- 
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ample with reference to the accompanying drawings in 
which: 

Fig. 1 is an external view showing a whole schemat- 
ic configuration of an apparatus for a corneal sur- 
gery according to the preferred embodiment of the 
present invention: 

Fig. 2(a) is a view showing the optical elements ar- 
rangement of the inside of the arm part of the ap- 
paratus; 

Fig. 2(b) is a view showing mechanism of move- 
ment of an arm part; 

Fig. 3 is a schematic view showing the optical sys- 
tem of the apparatus of the preferred embodiment 
of the present invention; 

Fig. 4 is a view showing an -anterior portion of an 
eye of a patient photographed by a CCD camera; 
Fig. 5 is a view showing distribution of light volume 
on line A-A' shown in Fig. 4; 

Fig. 6 is a block diagram for a control system of im- 
portant part of the apparatus according to the pre- 
ferred embodiment of the present invention; 
Fig. 7 is a view showing the example for the image 
divided into 16 areas, which centers optical axis O 
against the two-dimensional image sent by CCD 
camera: and, 

Fig. 8 is a flowchart illustrating the process of the 
automatic alignment which moves the arm part to 
XY-direction based on the value of the light-and- 
shade information. 

One preferred embodiment according to the 
present invention will be now described with reference 
to the accompanying drawings. 

General Construction 

Fig. 1 is an external view showing a schematic con- 
struction of an apparatus for a corneal surgery by using 
an exclmer laser beam. Reference numeral 1 indicates 
a primary body of a surgery apparatus, and the excimer 
laser beam source and the like are contained in the pri- 
mary body 1. The laser beam irradiated from the exci- 
mer laser beam source is reflected by mirrors and is 
guided to an arm part 2. The inside of the arm part 2 is 
provided with a light course for a laser beam, and the 
optical elements, such as mirror and the like, are dis- 
posed in it (see Fig. 2(a)). The arm part 2 contains a 
microscope 3, an illumination part 4, and undermen- 
tioned eyeball position detecting optical system and so 
on. and moves in X-direction (right and left direction 
against the ophthalmologist) by being controlled by the 
X-direction arm driving device 31a and in Y-direction 
(before and behind direction against the ophthalmolo- 
gist) by being controlled by the Y-direction arm driving 
device 31b, and an arm tip 2a moves in Z-direction (di- 
rection of the laser beam irradiating optical axis) by be- 
ing controlled by the Z-direction arm driving device 32. 


Respective arm driving devices include motors and slid- 
ing mechanism (see Fig. 2(b)). 

Reference numeral 6 indicates a controller includ- 
ing a joystick 7 for giving a signal to control the arm part 

5 2 in XY-direction, and several kinds of operating switch- 
es. Reference numeral 8 indicates a foot switch for 
sending a laser output signal and reference numeral 9, 
Indicates a computer for inputting some kinds of neces- 
sary data of operating condition, for calculating, display- 

^0 ing and storing the laser irradiating data, or the like. Ref- 
erence numeral 10 is a bed for making the patient lie 
down thereon. 


15 


20 


[Constructions of Respective Components] 

(Optical system) 

Fig. 3 is a schematic view showing the optical sys- 
tem of the apparatus. 

(A) A laser beam irradiating system 


Reference numeral 11 indicates a laser beam 
source for irradiating an excimer laser beam of 193 nm 

25 wave length. The laser beam irradiated from the laser 
beam source 1 1 is guided to an arm part 2 by mirrors 25 
and 26 or the like. Reference numeral 12 indicates an 
aperture for limiting an irradiating region of the laser 
beam, and of which the aperture diameter is changed 

30 by an aperture driving device: Reference numeral 1 3 is 
a projection lens for projecting an aperture 12 on a cor- 
nea of a patient eye 15. Through projection lens 13, the 
aperture 1 2 is located on conjugate position with the cor- 
nea, and the region limited by the aperture 1 2 is project- 

35 ed on the cornea, and then the region of keratectomy is 
limited. The laser beam having rectangular cross sec- 
tion irradiated from a laser beam source 11 moves to 
the predetermined direction based on the parallel move- 
ment of the mirror 26, and covers whole region of the 

"to aperture 1 2. These optical system is mentioned by Jap- 
anese Patent Publication (kokai) No.HEI4-242644 
(1 992) (USP5,507,799) to which we want to be referred. 

Reference numeral 1 4 indicates a dichroic mirror for 
reflecting an excimer laser beam and transmitting visible 

^5 rays and infrared rays, and makes the optical axis of the 
laser beam irradiating optical system share the optical 
axis with the optical axis both of the observation system 
and the eyeball position detecting system, which will be 
undermentioned. 

50 

(B) An observation system 

Reference numeral 17 indicates an objective lens 
and reference numeral 1 8 indicates a dichroic mirror for 
55 transmitting visible rays and for reflecting infrared rays. 
An image of anterior portion of the patient eye 1 5, which 
is illuminated by visible illumination light beam transmit- 
ted from the illumination part 4, is transmitted into the 
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microscope 3 through the dichroic mirror 14, the objec- 
tive lens 17 and the dichroic mirror 18. The ophthalmol- 
ogist observes the patient eye 1 5 by using the binocular 
microscope 3. The reticle plate, which is not shown, is 
inserted into the observation system and the reticle plate 
can be the standard for the alignment in XY-direction of 
the patient eye. 

Also, an object projecting system composed of two 
slits (referred to Japanese Publication (kokai) No. 
HEI6-47001(1994) (U.S. Patent application number 
08/090,61 1 )) is disposed in the observation optical sys- 
tem for alignment in Z-axis direction. 

Reference numeral 16 indicates a fixation lamp 
placed on the observation optical axis. 

(C) An eyeball position detecting system 

Reference numeral 20 indicates an IR-rays illumi- 
nation light source such as LED or the like, and 4 mem- 
bers of IR-rays illumination light sources 20 are dis- 
posed at intervals of 90** each other around the optical 
axis as the center. Reference numeral 21 is an image 
camera lens, reference numeral 22 is a reflecting mirror, 
reference numeral 23 is an IR-rays transmitting filter, 
and reference numeral 24 is a CCD camera. 

A flux of light beams of anterior portion image of the 
patient eye illuminated by the IR-rays illumination light 
source 20 is reflected by the dichroic mirror 18 through 
both the dichroic mirror 14 and objective lens 17. After 
that, the image is formed on the photo-imaging plain of 
the CCD camera 24 by an image camera lens 21 
through both the reflecting mirror 22 and the IR-rays 
transmitting filter 23. At this moment, the IR-rays trans- 
mitting filter 23 cuts visible rays reflected slightly by the 
dichroic mirror 18. 

A CCD camera 24 detects the eyeball position as 
followings. Fig. 4 is a view of anterior portion image of 
the eye photographed by the CCD camera 24, and Fig. 
5 is a view of distribution of light volume on line A-A' 
(Fig. 4) based on the image signal transmitted from the 
CCD camera 24. As designated in figures, the respec- 
tive light volumes are different by which the pupil, the 
iris and the sclera, therefore according to the informa- 
tion, the pupil edge coordinates in lateral direction can 
be detected, furthermore, in accordance with the detec- 
tion of the pupil edge, the center position, so called, the 
pupil center coordinates in lateral direction is can be ob- 
tained. In the same way as is described, the pupil center 
coordinates in longitudinal direction can be obtained by 
using information of distribution of light volume on lon- 
gitudinal line B-B'. Therefore, in accordance with both 
of them, the pupil position against the optical axis of the 
detecting optical system (so called the optical axis of the 
laser beam irradiating optical system), which is regulat- 
ed so as to be the predetermined positional relation on 
the photo-imaging elements of the CCD camera 24 is 
obtained. Still, the lateral and longitudinal detecting 
lines are desirable to be averaged in response to the 


information concerning distribution of light volume of 
plural lines which centers the middle of photo-imaging 
elements of the CCD camera 24. Furthermore, if the 
processing time permits, the center position of gravity is 
5 obtained based on the whole pupil region. 

In addition, the reflecting light of the cornea trans- 
mitted from the IR-rays illumination light source 20 is 
also transmitted to the CCD camera 24, but by placing 
the IR-rays illumination light source 20 so that the re- 

10 fleeting image of the cornea may not interrupt the de- 
tecting lines (lateral and longitudinal), the reflecting light 
of the cornea is prohibited from being noise light in the 
case that the positional coordinates is detected. Name- 
ly, it makes the line, which linked by two opposite light 

IS sources, slant to 45** against the detecting lines (lateral 
and longitudinal), and makes the image of light source 
to be seen around the cornea. Besides, the composition 
of such arrangement as described above is not indis- 
pensable, in a word, it is satisfied by that the pupil edge 

20 (or an iris) can be detected. 

The operation of the apparatus, having such archi- 
tecture as described above, will be described below with 
reference to the block diagram of the principal section 
of the control system shown in Fig. 6. 

25 The ophthalmic surgery apparatus is connected to 
a power source and is made the system run, the menu 
frame is displayed at the CRT monitor display of the 
computer 9. The ways of the cornea operation by using 
an excimer laser beam are PRK (photorefractive kera- 

30 tectomy) operating mode and PTK (phototherapeutic 
keratectomy) operating mode, in this case, the ophthal- 
mologist selects the PRK operating mode from the 
menu frame. The ophthalmologist inputs several kinds 
of data such as the refractive power value of the patient 

35 eye 15 and operating conditions or the like, which are 
detected beforehand, by using the keyboard of the com- 
puter 9. The computer 9 calculates the resection volume 
of the cornea or the like based on the inputted data. The 
calculated operating data are transmitted to the control 

40 device 30 instructed by keyboard operation. 

After the input preparations have been completed, 
the ophthalmologist makes the patient lie down on the 
bed 10 and the ophthalmologist places the arm part 2 
provided a laser beam irradiating orifice above the pa- 

^5 tient eye 1 5. The ophthalmologist turns on each of the 
light sources, and fixes the fixation lamp 1 6 to the patient 
eye 15. 

The ophthalmologist observes anterior portion of 
the patient eye 15 illuminated by the illumination part 4 

50 though the microscope 3, and he each aligns XY-direc- 
tion by operating the joystick 7 and aligns Z-direction by 
operating the focus adjustment switch so as to be the 
predetermined relation between the reticle, which is not 
shown, and the pupil. After the signal generated by joy- 

55 stick 7 (and focus adjustment switch 60) has been in- 
putted to the control device 30, the control device 30 
makes the XY-directton arm driving devices 31a, 31b 
(and the Z-direction arm driving device 32) go into run, 
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and moves the arm part 2 to XY-direction (and Z-direc- 
tion). 

During this alignment, if the automatic alignment 
changing switch 61 , which is mounted on the controller 
6, is turned on, the automatic alignment goes into run. 
In the case that the patient eye exists within the region 
where the pupil center position can be detected in the 
eyeball position detecting system, the apparatus makes 
the X, Y-direction arm driving devices 31a, 31b go into 
run so that the optical axis of the laser irradiating optical 
system can be coincide with the pupil center, and then 
makes the arm part 2 move to XY-direction. 

In the case that the laser irradiation is performed on 
the condition that the optical axis of the laser beam ir- 
radiating optical system is coincide with the pupil center, 
after he has completed the alignment by turning on the 
automatic alignment changing switch, and then once he 
pushes the ready switch 62 mounted on the controller 
6, the eyeball tracking mechanism goes into operation, 
which stores the predetermined position on the photo- 
imaging elements (the position of the optical axis of the 
laser beam irradiating optical system) of the CCD cam- 
era 24 as the standard position and moves the arm part 
2 so that the pupil center can be coincide with the stand- 
ard position. 

The pupil center position obtained by processing 
signals of the CCD camera 24 is compared with the 
standard position at any time, if the patient eye 15 
moves in outside of the predetermined permissible re- 
gion, the control device 30 moves the arm part 2 to the 
XY-direction by driving the X,Y-direction arm driving de- 
vices 31a, 31b on the bases of the comparative infor- 
mation, and makes the center position of the pupil be 
within the permissible region of the standard position. 
Moreover, in the case that the patient eye moves in out- 
side of the XY-direction moving region, the apparatus 
makes the safety shutter device 35 goes into run, and 
cuts off the laser beam irradiation. 

After the eyeball tracking mechanism has run, the 
safety shutter 35 is released and the irradiation of the 
excimer laser beam is made ready Then, after the oph- 
thalmologist steps on the foot switch 8, the control de- 
vice 30 emits the laser beam. The excimer laser beam 
is transmitted to the patient eye 15 through the laser 
beam irradiating optical system, and the cornea is ab- 
lated. 

In the case that without using automatic alignment, 
the eyeball tracking is performed on the basis of the op- 
tical axis position of the laser beam irradiating optical 
system decided by the alignment operation by using the 
joystick, the optical axis of the laser beam irradiating op- 
tical system is placed on the target position by operating 
both the joystick 7 and the focus adjustment switch 60. 
Afterthe alignment has been completed, and then, once 
the ready switch is pushed on, the pupil center position 
of the patient eye 15 is stored as the standard position 
(the standard position of this moment is different from 
the optical axis of the laser beam irradiating optical sys- 


tem). The eyeball tracking mechanism, which moves the 
arm part 2 so that the detected pupil position may coin- 
cide with the stored standard position, goes into run and 
the cornea is ablated the same as above mentioned. 

5 In preferred embodiment as is described, the eye- 

ball position detection calculates the pupil edge based 
on the information of distribution of light volume of an- 
terior portion of the eye, and thereby the pupil center is 
obtained on the basis of the pupil edge, but, among the 

10 reflecting light volume of the pupil, that of iris, that of 
sclera and that of cillosis, the reflecting light volume 
transmitted from the pupil is extremely little, so it can be 
also capable of detecting the pupil position (displace- 
ment direction from the optical axis) according to the 

'5 light-and-shade degree of light volume distribution on 
the photo-imaging plane of the CCD camera 24. In fol- 
lowings, the alignment performed by this detection will 
be described. 

At first, on detecting the light-and-shade information 

20 of the reflecting light transmitted from anterior portion, 
as shown in Fig. 7, the image which centers the optical 
axis O is divided into 16 areas (SI - S16) of 4 x 4 
against the two-dimensional image transmitted from the 
CCD camera 24. The positions of the pixel are previous- 

2S ly determined, against the pixel of respective areas (1 25 
pixel X 1 25 pixel), so that the predetermined number of 
pixel (for example, 64 articles), which are detecting ob- 
jects for light-and-shade. may equally distributed in the 
area (all the pixel are can be the detecting objects, but 

30 if the required number for detecting are taken as the ob- 
jects= the processing speed can be faster). The image 
, signals transmitted from the CCD camera 24 are trans- 
formed into digital data by the signal-process sensing 
circuit 34, and then, processed by predetermined proc- 

3S ess, and inputted into the control device 30. Based on 
the inputted signals, the control device 30 obtains the 
light-and-shade degree in response to the pixel which 
are previously determined every area. Since the light- 
and-shade degree every one pixel is transformed into 

"^0 digital data, therefore, for example, it can be obtained 
as the numerical value of light-and-shade degree of 256 
grades from 0 to 255 (0 side is the darkest, 255 side is 
the brightest). 

Then, the operation of the automatic alignment. 

•^5 which detects the pupil part based on the obtained light- 
and-shade value, and drives and controls the arm part 
2 in XY-direction. will be described hereinafter with re- 
ferring to the flowchart shown in Fig. 8. 

If the automatic alignment changing switch 61 is 

50 turned on, the automatic alignment goes into run ac- 
cording to the pupil part detection based on the light- 
and-shade value. The control device 30 obtains the val- 
ue of the light-and-shade information of the image which 
is previously determined every area, and then, takes out 

55 the light-and-shade information of predetermined 
grades (for example, 20 grades) based on the lowest 
(the darkest) grade of the light-and-shade value as the 
standard among them, and counts the number of pixel 
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within the predetermined range of light-and-shade value 
in respective areas. Then, it is judged that whether the 
nunnber of pixel, which are counted in respective areas, 
satisfies the predetermined number (for example, 20 ar- 
ticles) or more, or not. In the case that it satisfies the 
predetermined number, it is judged that the pupil part 
(or the iris part around the pupil) is in the area. In the 
case that the number of pixel is little, it is judged that the 
pupil part is not detected, since only a section of the pupil 
part is in the area, or the section, of which the light-and- 
shade value is low such as eyelashes, is overlapped on. 

In the case that there are the plural areas which sat- 
isfy the predetermined number (20 articles) and there 
are ones which are not adjacent each other among the 
plural areas, it is judged that whether there are differ- 
ences of predetermined number (10 articles) or not by 
comparing the number of counted pixel of the area hav- 
ing largest number with the number of counted pixel of 
the area not adjacent to the area having largest number. 
Because, even if there are eyelashes detached from the 
pupil part, in the case that there are some differences 
between the number of counted pixel, it is taken that the 
pupil part exists in the area which has larger number, 
and thereby it is distinguished from eyelashes or the like. 
In the case that there are not the differences of prede- 
termined number (10 articles), it is taken that the pupil 
part is not detected. In the case that there are the differ- 
ences of predetermined number, it is specified that the 
pupil part exists in the area of which the number of 
counted pixel are the largest, and after that, it is judged 
that whether the number of counted pixel of the 4 mem- 
bers of areas of S6, S7, S10, S11 , which center the op- 
tical axis O, are equal (equal within the predetermined 
range) or not, if there are differences, according to the 
position of the area of which the pupil exists, X,Y-direc- 
tion arm driving device 31a. 31 b are driven and control- 
led toward the direction to which the differences are dis- 
solved. And then, when the differences of number of 
counted pixel of the 4 members of areas of S6, S7, Si 0, 
S1 1 are dissolved completely, the drive toward X and Y- 
direction is made to stop (is not made to drive), thereby 
the automatic alignment has been completed. 

Still, on detecting the pupil part on the basis of the 
above mentioned light-and-shade information, the divi- 
sion of the area in response to the two-dimensional im- 
age transmitted from the CCD camera 24, it can also be 
capable of dividing into 4 areas which center the optical 
axis O, simply. 

Additionally, concerning the movement control of 
the arm part 2, it is more convenience to use together 
with the movement control based on the pupil center cal- 
culated by using the above mentioned pupil edge. The 
alignment in large range is performed according to the 
pupil part detection based on the light-and-shade infor- 
mation, and when the pupil edge detection is made pos- 
sible, it is performed according to the pupil edge detec- 
tion based on the pupil center position. Thereby, if it can 
be capable of observing the pupil part of the patient eye 


in the observation optical system, both the alignment in 
large range and the more accurate alignment are real- 
ized. 

The present invention may be embodied in other 

5 specific forms without departing from the spirit or essen- 
tial characteristics thereof. For instance, this invention 
can be enforced without related to the construction of 
the optical system of the laser beam irradiating optical 
system such as refraction reform or the like, and in the 

^0 case of the eyeball tracking which based on the optical 
axis position, decided by the ophthalmologist, of the la- 
ser beam irradiating optical system, the alignment op- 
eration is also easier by deciding the position in previous 
inspection and inputting the difference between the po- 

'5 sition and the pupil center. 

The forgoing description of the preferred embodi- 
ment of the invention has been presented for purposes 
of illustration and description. It is not intended to be ex- 
haustive or to limit the variations to the precise form dis- 

20 closed, and modifications and variations are possible in 
light of the above teachings or may be acquired from 
practice of the invention. The embodiment chosen and 
described in order to explain the principles of the inven- 
tion and its practical application to enable one skilled in 

25 the art to utilize the invention in various embodiments 
and with various modifications as are suited to the par- 
ticular use contemplated. 

It is intended that the scope of the invention be de- 
fined by the claims appended hereto, and their equiva- 

30 lents. 


Claims 

35 1. An ophthalmic surgery apparatus provided obser- 
vation optical system for observing anterior portion 
of an eye of a patient, and laser beam irradiating 
optical system for irradiating a laser beam for treat- 
ment to the eye of the patient, and also provided 

^0 means for aligning the eye of the patient so as to 
be desired region and then irradiating a laser beam 
for treatment, the apparatus comprising: 

moving means for moving the laser beam irra- 
-^5 diating optical system relatively against the eye 

of the patient; 

illuminating means for illuminating anterior por- 
tion of the eye of the patient; 
photoelectric transducing means for sensing 

50 distribution of light volume of anterior portion of 

the eye illuminated by said illuminating means: 
pupil position detecting means for detecting the 
position of the pupil by processing the signal 
transmitted from said photoelectric transducing 

55 means; and 

control means for controlling said moving 
means based on the results detected by said 
pupil position detecting means. 
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An ophthalmic surgery apparatus according to 
claim 1 , wherein said laser beam irradiating optical 
system includes generating light source of an exci- 
mer laser beam, and said ophthalmic surgery ap- 
paratus is a cornea surgery apparatus for irradiating s 
said excimer laser beam to the cornea of the eye of 
the patient and resecting the inflammation of the 
cornea. 

An ophthalmic surgery apparatus according to io 
claim 1 , further comprises tracking signal generat- 
ing means for generating a signal to follow up the 
movement of the eye of the patient, wherein said 
control means controls said moving means so as to 
track the movement of the eye of the patient by in- '5 
putting said signal. 

An ophthalmic surgery apparatus according to 
claim 3, further comprises irradiation prohibiting 
means for prohibiting irradiation of the laser beam 20 
in the case that the position of the pupil misses the 
predetermined position. 

An ophthalmic surgery apparatus according to 
claim 1 , further comprises alignment signal gener- 25 
ating means for generating a starting signal of align- 
ment to align the eye of the patient with an optical 
axis of an irradiation laser beam so as to be prede- 
termined relation; 

irradiation signal generating means for com- 30 
pleting an alignment and generating a permissible 
signal for permitting an irradiation of a laser beam 
in the case that the alignment aligns within the pre- 
determined permissible limits. 

35 

An ophthalmic surgery apparatus according to 
claim 1, wherein said illuminating means includes 
an illumination light within a range of near infrared- 
rays and said photoelectric transducing means has 
sensitivity within a range of near infrared-rays. 40 

An ophthalmic surgery apparatus according to 
claim 1, wherein said pupil position detecting 
means comprises arithmetic operating means for 
calculating the position of the outer circumference ^5 
of the pupil and calculating the center of the pupil 
based on the data of the position of the outer cir- 
cumference of the pupil. 

An ophthalmic surgery apparatus according to so 
claim 1 , wherein said control means comprises in- 
structing means for instructing it so that the pupil 
position which is detected by said photoelectric 
transducing means is shifted within the predeter- 
mined permissible limits. 55 

An ophthalmic surgery apparatus according to 
claim 1 , further comprises standard position deter- 


mining means for determining a standard position 
of the pupil, wherein said control means comprises 
means for controlling it so that the standard position 
of the pupil determined by said standard position 
determining means is within the predetermined per- 
missible limits. 

10. An ophthalmic surgery apparatus according to 
claim 9, wherein said standard position determining 
means comprises means for determining the posi- 
tion of the pupil based on the data of the alignment 
completing signal. 

11. An ophthalmic surgery apparatus provided obser- 
vation optical system for observing anterior portion 
of an eye of a patient, and laser beam irradiating 
optical system for irradiating a laser beam for treat- 
ment to the eye of the patient, and also provided 
means for aligning the eye of the patient so as to 
be desired region and then irradiating a laser beam 
for treatment, the apparatus comprising: 

moving means for moving the laser beam irra- 
diating optical system relatively against the eye 
of the patient; 

illuminating means for illuminating anterior por- 
tion of the eye of the patient; 
photoelectric transducing means for sensing 
distribution of light volume of anterior portion of 
the eye illuminated by said illuminating means; 
pupit position detecting means for dividing the 
detecting region of said photoelectric transduc- 
ing means into the predetermined numberof ar- 
ticles, and then detecting the position of the pu- 
pil based on the analysis and the comparison 
for the light-and-shade information of the divid- 
ed respective regions; and 
control means for controlling said moving 
means based on the results detected by said 
pupil position detecting means. 

12. An ophthalmic surgery apparatus according to 
claim 11, wherein said photoelectric transducing 
means has two-dimensional light sensing plane, 
said pupil position detecting means comprises 
means for dividing said two-dimensional light sens- 
ing plane into at least more than 4 members of ar- 
ticles and then detecting the position of the pupil 
based on the difference of light and shade between 
respective said divided regions obtained one by 
one. 

13. An ophthalmic surgery apparatus according to 
claim 1 2, wherein said predetermined numberof re- 
gions are at least 4 members of divided regions 
which center the optical axis of said laser beam ir- 
radiating optical system, said control means com- 
prises means for controlling said moving means so 
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that the position of the pupil detected by said pupil 
position detecting nneans comes near to the optical 
axis of the laser beann irradiating optical system. 

14. An ophthalmic surgery apparatus according to 5 
claim 11, wherein said photoelectric transducing 
means comprises two-dimensional optical sensing 
plane, said pupil position detecting means compris- 
es light-and-shade region sensing means for divid- 
ing said two-dimensional optical sensing plane into 
some number which have regions not adjacent 
each other and then obtaining the light-and-shade 
information every said divided region, and judging 
means for judging whether there is difference of pre- 
determined light-and-shade degree in the light-and- '5 
shade information of regions not adjacent each oth- 
er or not, and pupil position specifying means for 
specifying that the pupil exists in dark side region 

in the case that said judging means judges that 
there is the difference of predetermined light-and- 
shade degree. 

15. An ophthalmic surgery apparatus according to 
claim 1 1 , further comprises pupil center position de- 
tecting means for calculating the position of the out- 25 
er circumference of the pupil by processing the sig- 
nal transmitted from said photoelectric transducing 
means and for detecting the pupil center based on 

the position of the outer circumference of the pupil, 
wherein said control means controls said moving 30 
means after the pupil center is detected by said pu- 
pil center position detecting means, based on said 
detected result. 

16. An ophthalmic surgery apparatus according to 35 
claim 1 1 . further comprises observation optical sys- 
tem for including the optical axis coincide with the 
optical axis of said laser irradiating optical system, 
and for observing anterior portion of the patient eye, 
wherein said moving means moves also said obser- 
vation optical system relatively against the eye of 

the patient. 

17. Apparatus for ophthalmic surgery, comprising: 

45 

a laser optical system for directing a laser treat- 
ment beam to selected positions on the eye of 
a patient, and alignment means for aligning the 
laser optical system relative to the eye, wherein 
the alignment means comprises: 
an illumination device for illuminating an ante- 
rior portion of the eye, 

a photoelectric transducer arranged to gener- 
ate a sensing signal for indicating the distribu- 
tion of radiation from the eye anterior portion 55 
due to illumination by the illuminating device, 
pupil position detecting means arranged to 
process the sensing signal thereby to detect the 


position of the pupil of the eye, 
control means coupled to the detecting means 
to generate a drive control signal in response 
to the detected pupil position, and 
a drive system coupled to the control means 
and operable to adjust the laser optical system 
thereby to position the treatment beam accord- 
ing to the detected pupil position. 
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(54) Ophthalmic surgery apparatus 

(57) An ophthalmic surgery apparatus provided ob- 
servation optical system for observing anterior portion 
of an eye of a patient, and laser beam irradiating optical 
system for irradiating a laser beam for treatment to the 
eye of the patient, and also provided device for aligning 
the eye of the patient so as to be desired region and 
then irradiating a laser beam for treatment, comprises 
moving device for moving the laser beam irradiating op- 
tical system relatively against the eye of the patient, il- 


luminating device for illuminating anterior portion of the 
eye of the patient, photoelectric transducing device for 
sensing distribution of light volume of anterior portion of 
the eye illuminated by the illuminating device, pupil po- 
sition detecting device for detecting the position of the 
pupil by processing the signal transmitted from the pho- 
toelectric transducing device, and control device for 
controlling the moving device based on the results de- 
tected by the pupil position delecting device. 


1 G , 3 



Printed by Jouve. 75001 PARIS (FP. 


BNSDOCI0:<EP 0765648A3> 


. EP 0 765 648 A3 


European Patent 
Office 


EUROPEAN SEARCH REPORT 


Application Number 

EP 96 30 6887 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 

Citation of document with indication, vvnere appropriate 
oi relevant passages 

ReJevant 
to Ota HI) 

CLASSIFICATION OF THE 
APPLICATION (Int.Ct.G) 

A 

WO 94 13883 A (PHOENIX LASER SYSTEMS INC) 

1 September 1994 

* claim 23: figures * 

1.11.17 

AC 1 CO /r\f\ 
AOir y/ UU 

A 

WO 93 16631 A (PHOENIX LASER SYSTEMS INC) 

2 September 1993 

* claim 75; figures * 

1,11,17 


A 

OE 42 32 021 A (AUGON GES FUER DIE 
ENTWICKLUNG) 7 April 1994 
* cl aims 1 , 16: figures * 

1.11,17 


A 

US 5 098 426 A (FERRER OLGA M ET AL ) 24 
March 1992 

♦ abstract; figures + 

1 .11, 17 


r 

US 4 848 340 A (BILLE JOSEF F ET AL ) 13 
July 1989 

♦ column 6, line 45 - line 68; figures 
2,5,6 ♦ 

1,11.17 



US 4 443 075 A (CRANE HEWITT 0) 17 April 
1984 

* abstract; figures * 


1,11,17 


TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 


The Dcesent search report has been drawn up tor all ciairns 


A61F 


Ptacs oi s«aicn 

BERLIN 


Dat« o' compJeticr -jt ssarci 

31 July 1998 


Kanal, P 


CATEGORY OF CITED DOCUMENTS 

X - particularly relevant it Taken aiore 

partlcularty relevant rl combined wrth anotrier 
Oocument of the same category 

A ■ r&cnnologicai bacKground 

O non-wntten disclosure 

P * intermediate dfxa.meni 


r thdop/ 3r pnnctple uno*r!ying the mve'ition 
= -iurli^jr patent document but pubfisheo on, or 

after the 'iiing cate 
Z> or - jnent -:ir*d tn trie ippNcaticn 
_ docu'nent cited tor ctlier 'easons 

% mfember c t the same patent 'amity, cofTssponcing 
oocument 


BNSOOCID: <EP 0765648A3> 


2 


